Objectives: Identify and describe information needs and associated goals of physicians, care coordinators, and families related to coordinating care for medically complex children and youth with special health care needs (CYSHCN). Materials and Methods: We conducted 19 in-depth interviews with physicians, care coordinators, and parents of CYSHCN following the Critical Decision Method technique. We analyzed the interviews for information needs posed as questions using a systematic content analysis approach and categorized the questions into information need goal types and subtypes. Results: The Critical Decision Method interviews resulted in an average of 80 information needs per interview. We categorized them into 6 information need goal types: (1) situation understanding, (2) care networking, (3) planning, (4) tracking/monitoring, (5) navigating the health care system, and (6) learning, and 32 subtypes. Discussion and Conclusion: Caring for CYSHCN generates a large amount of information needs that require significant effort from physicians, care coordinators, parents, and various other individuals. CYSHCN are often chronically ill and face developmental challenges that translate into intense demands on time, effort, and resources. Care coordination for CYCHSN involves multiple information systems, specialized resources, and complex decision-making. Solutions currently offered by health information technology fall short in providing support to meet the information needs to perform the complex care coordination tasks. Our findings present significant opportunities to improve coordination of care through multifaceted and fully integrated informatics solutions.
costs for CYSHCN are estimated to be 3 times higher than for other children. 1, 4 Caring for CYSHCN is highly involved due to unique needs related to specific health care conditions, comorbidities and progression of disease, dependence of children on parents and caretakers, and the developmental and formative nature of childhood. 5 The
American Academy of Pediatrics and the Committee on Children with Disabilities define care coordination for CYSHCN as "a process that links children with special health care needs and their families to services and resources in a coordinated effort to maximize the potential of the children and provide them with optimal health care." 6 Coordination of care for CYSHCN often involves a large number of people, such as clinicians, care coordinators, family members, home care professionals, and school staff; institutions, such as clinics, hospitals, and community services; and various sources of funding. Inadequate care coordination can lead to wasted resources, delays in diagnosis and treatment, diminished patient and physician satisfaction, increased cost of care, and reduced quality of care. 7, 8 Because CYSHCN receive care from many health care and nonhealth care professionals working in different settings, care-related data about these patients can be fragmented across multiple information systems. As a result, finding the information needed to provide the best care can be daunting. To develop tools that promote effective care coordination, designers must understand who needs the information, when they need it, what information they need, and how it can be made available.
Previous research has focused primarily on clinicians' needs for either medical knowledge from the medical literature or clinical information from patient records. [9] [10] [11] [12] [13] [14] While these needs are important, they do not cover the full breadth of information needs that can arise in the process of care coordination. In addition, studies on the information needs of parents of children with conditions requiring chronic care have typically focused on specific diseases and coping with disease. [15] [16] [17] [18] An integrative review on interactions between parents and providers of technology-dependent children elicited information needs focused on caring for patients in the home setting. 19 Most previous studies focused on 1 or 2 types of participants. [15] [16] [17] [18] [19] In order to characterize the complexity of care coordination for CYSHCN, it is necessary to assess the different perspectives of providers, care coordinators, and parents, because their varying roles largely determine the types of information needs they have. 5 Previous studies used methods such as surveys/questionnaires, observations, and focus groups. While these methods are useful, the critical incident technique leads to focused attention and better memory activation, which are necessary to reveal the layers of complexity in care coordination of CYSHCN. 20, 21 The critical incident technique has been used successfully to understand human behavior, information needs, and decision-making in prior health care research. [22] [23] [24] [25] [26] Previous studies have discussed various care coordination interventions, such as multidisciplinary teams, case management, and establishment of a medical home for complex patient populations including CYSHCN. 5, 27 Yet the studies have primarily focused on care process tasks or activities, such as care planning, that are or can be well defined. [28] [29] [30] [31] However, much less is known about the information needs in the less predictable world of coordinating care for CYSHCN. To design tools for care coordination, it is important to uncover the underlying care goals. Research has shown that goals guide human behavior and influence perceived needs, actions, and evaluations of outcomes and consequences. 32 In this study, we aim to triangulate the information needs and associated goals that are important to physicians, care coordinators, and parents while coordinating care for CYSHCN. The study focuses on patient-centered medical homes that have implemented the coordinated care model, 33 because it has been increasingly accepted as a preferred care coordination strategy for CYSHCN. 5 Ultimately, our findings can be used to inform the design of informatics tools, policies, and processes to support and improve care coordination for CYSHCN.
OBJECTIVES
To identify and assess information needs of physicians, care coordinators, and families while coordinating care for CYSHCN and categorize the needs into associated goal types and subtypes.
MATERIALS AND METHODS

Design
Semistructured in-depth interviews were conducted with physicians, care coordinators, and parents of CYSHCN (interview guide available as an online supplement). The interviews followed the Critical Decision Method (CDM), 20 an adaptation of Flanagan's critical incident technique 21 and a form of Cognitive Task Analysis. 20 The interview guide, developed by 3 of the co-authors (PRK, CW, and GDF), followed the CDM guidelines and was piloted with 4 subjects. The interviews were recorded and analyzed using a systematic content analysis approach proposed by Srnka et al. 34 
Participants and setting
We recruited a purposive sample 36,37 of 19 interviewees (8 physicians, 7 parents, and 4 care coordinators) from 6 primary care sites that participated in pediatric patient-centered medical home demonstration projects in Utah. 38 Our purposive sampling approach targeted participants with a rich breadth and depth of varied experiences with CYSHCN through seeking (1) 3 key complementary roles for care coordination (physicians, parents, and care coordinators); (2) participants with experience across different clinical and patient conditions with CYSHCN; (3) physicians and care coordinators with a minimum of 2 years of (current) experience with care coordination of CYSHCN; and (4) parents of CYSHCN who are also "family partners" in the practice, serving as advisors regarding policies and quality improvement for the practice and providing support to other families of CYSHCN. Participants were invited by e-mail to join the study by the project director and co-author CN.
For phenomenological studies, 6-10 participants are recommended. [39] [40] [41] We determined the target sample size based on 2 criteria: (1) a diversity of participant roles were represented in the sample and (2) ongoing analysis indicated that we had reached saturation, 42 because no new information needs were being generated.
Procedure
The primary author conducted the physician and care coordinator interviews at the individual's work site and the family interviews at either the individual's home or workplace. The interviews were conducted according to the CDM method described in dependently extracted zero or more information needs from each unit using a code book. The coding rules were proposed by author PRK and were refined through consensus. We defined an information need as an explicit or implicit request for any kind of information that was specifically related to the care of the child discussed in the interview. Information needs included but were not limited to information that could be found in the child's health care record, parents' personal records, or the biomedical literature. Both explicit and implicit information needs were coded and represented as questions. Disagreements in coding were resolved through group consensus, with the help of a third researcher. Stage 5: Coding of generic questions. We transformed the specific questions identified in stage 4 into generic questions; eg, "What are the child's seizure patterns?" was transformed into "What is the pattern of symptom X?" First, authors PRK and GDF converted 50 randomly selected questions into generic questions to define and hone the process and create a code book. Then, 6 researchers (PRK, GDF, CW, GBB, DB, and VT) created generic questions from randomly selected and de-duplicated questions, for a total of 251 questions from all interviews. Disagreements were resolved by consensus throughout stage 5. Stage 6: Development of a classification scheme for generic questions. The generic questions were classified into meaningful information seeking goal types and subtypes. We initially attempted to use goal classification mechanisms from the literature [43] [44] [45] but found that they did not provide enough granularity and depth of meaning. PRK then grouped similar generic questions into categories according to information need goals. The preliminary classification was iteratively refined through group consensus by PRK, GDF, and CW. Precise definitions were developed for the information need goal types and subtypes. 
RESULTS
The CDM interviews lasted 55 min on average, with a range of 42-70 min. They resulted in an average of 80 information needs per interview. Our analysis categorized them into 6 information goal types and 32 subtypes ( Table 2 ). The goal type definitions were either adopted from the literature (when available) or derived based on inferences drawn from the data. Sample interview quotations for each information goal type are provided in Table 3 . The information goal types and subtypes were common across the 3 roles, but the varied perspectives appeared to influence how information needs were discussed across roles, as demonstrated in Table 4 . Interviewees often described achieving situation understanding by reviewing complex and extensive health care records and through personal communication involving numerous clinicians and individuals across different care and community settings. This information goal spanned patients' social status, including concepts such as caregiver aptitude and family dynamic between parents who were separated or divorced. In some cases, clinical team members were unsure about the reliability of the information provided by parents and had to seek corroborating information. Interviewees described care networks for CYSHCN that go far beyond the health care system, including schools, community services, extended families, and friends. The need and urgency for communication between members of the care network was reported as being elevated compared to patients without special needs. Getting a comprehensive view of patients' current and past care network at a glance was described as daunting. The information goals of planning and tracking/monitoring took on a whole new level of importance for CYSHCN. The complexity of patient conditions, ages of patients, and volume of medical interventions and episodes of care made meticulous planning and tracking/ monitoring essential to the care coordination of CYSHCN. Proactivity, vigilance in maintaining patient safety, attention to detail, and follow-up were described as cornerstones of effective planning. The interviewees were asked to recall a recent episode of care or incident for children and youth with special health care needs that they perceived to be challenging from the perspective of finding information related to care coordination. The interviewer asked questions to refine and/or clarify the incident further, as necessary. This step also defined the scope of the incident for the purpose of the interview.
Timeline verification
The interviewer obtained a clear, concise, and verified overview of the incident, identifying key events on a timeline. This step provided a crucial framework for the rest of the interview. Deepening
The interviewer deepened into the key events, probing for details on each event in the timeline. This phase elicited implicit information, invoked cognitive processes, and created a picture of the interviewee's cognitive experience, skills, and knowledge. The interview guide prompted for content (what), goals (why), recipients (to whom), sources (from where), mode (how), and barriers when meeting the information needs. "What-if" queries
In the final sweep, hypothetical what-if questions were asked to uncover implicit cues, and the interviewee was allowed to speculate on the knowledge, information, and/or tools that could have helped the incident.
Tracking/monitoring was performed not only by parents and clinical teams, but also by extended care teams, including schools and other environments where the patients spent time. Navigating the health care system was depicted as arduous owing to multistep, timesensitive, and paperwork-intensive processes. Participation in clinical trials for various conditions was considered to be important, with physicians and parents working together to navigate logistics, such as trial identification and participation. The information goal of learning was salient for families and physicians. We found that parents were extremely engaged in their children's care and constantly sought to learn through the continuum of diagnosis, treatment, and management of their children's conditions.
Workarounds
To overcome the shortcomings in the tools that interviewees used for care coordination, they described several workarounds, such as using handwritten sticky notes and spreadsheets to track patient lists, orders, care network member identities, and contact information; using electronic health record (EHR) flags to mean something other than what the flag was intended for; using blog entries to track patient care episodes; and carrying huge paper binders with patient history, current status, and emergency information.
Summary
Responding to information needs typically required considerable effort and involved various individuals and multiple information systems. Frustration reported by several interviewees with the care coordination status quo can be summed up by the following parental quote:
"I basically left frustrated with the concern that I don't want to go back to neurology because there's no follow-up, and I'm not learning anything new. And I just realized as a mom I just have to take care of my own things. I just feel like it would be terrific if there would be a central system of communication, where I don't have to repeat myself over and over again. I feel, like, my daughter even though she has disability, if she hears her story over and over again, it's actually depressing for her."
DISCUSSION
The overwhelming gestalt that emerged from our interviews was of care coordination processes that are hugely complex, diverse, and unpredictable, and that involve extensive multidisciplinary teams. CYSHCN are often chronically ill and developmentally challenged and thus require many varied and specialized resources. [2] [3] [4] Their care comprises multilayered clinical decisions, as well as intense emotional, social, and financial needs. We identified that caring for CYSHCN generates numerous and ongoing information needs that demand substantial effort from physicians, care coordinators, and parents, despite the wide adoption of health information technology. To our knowledge, this is the first study to triangulate in-depth information needs and associated information processing goals of physicians, care coordinators, and families in the care of CYSHCN. There had even been some preliminary labs done by the outside neurologist and when the parents came, they had requested them ahead of time. They never arrived. We didn't have them and we couldn't get them." Parent "And when we got there, come to find out that's when one of the doctors let it slip that she has a mild case of spina bifida. And that's been apparently diagnosed for about three or four years. That's where the first barrier of communication came out. That's when it [we] found out that all these issues are tied in." Care coordinator "I don't know all the cases perfectly, so I might look into it a little bit and just educate myself and kind of look at what their past medical history is and then look at when they were last seen, even if it was when they were sick." Care networking Physician "We need to have a clearer relationship with neurology and communicate more clearly with neurology so that they know what we're doing and we know what they're doing, so we can work together because we can't rely on a parent to pass on that information back and forth." Parent "She's a very difficult stick, so we worked with her pediatrician to place an order that while she was inpatient for the surgery to have a blood draw that would then be provided to her geneticist.. . . So [the] pediatrician worked with the geneticist, worked with the folks, the surgeon which worked really well." Care coordinator "Speech did see her and felt that a swallow study in outpatient when she is well would be a good idea. That probably would be something we would follow up on, and end up ordering, because it does not look like it was done while she was inpatient." Planning Physician "He has an emergency letter from the genetics department on what his required work up and treatment would be, in the event that he got very sick and had a prolong fasting state, which labs to be drawn, what type of IV fluids to administer, who to call, etc. So, we have provided the local EMS department, our local ER here as well as the school district with this letter. And then of course everybody down at the hospital, the ER, the metabolic department they all have access to this letter as well." Parent "So we had to work out a time where with school and our personal commitments and work commitments that we could commit to having that much time that we needed to spend outside of work. So we had planned it about a year ahead of time. We looked at her school schedule and found out. . . she's on year round schedule. . . when she would be off track and try to coordinate that with when she would be off track, so she would miss the least amount of school. We also had to look at coordinating with her school, because she's highly susceptible to getting sick. And so we didn't want to have to have a surgery cancelled due to illness and then basically interrupt both surgeries, because of one of them needing to be rescheduled." Care coordinator "if they have any questions or resources that they would want before they come in to the appointment tomorrow or anything they might need help with, and then preparing those before they come in." Tracking/monitoring Physician "We've always been concerned about his growth and development because of his condition and we monitor that very carefully with the help of gastroenterology." Parent "So, just to illustrate something, a scenario that we experience is a phone call or a note home from school saying, <patient reference removed> had the worst seizure she's ever had, or <patient reference removed> had this many seizures today, and us wondering, really? Was it the longest seizure she's ever had? Did she really have that many seizures? What did they look like? What kind of seizures were they? Just a lot of needing to ask questions in detail. Was there anything that could have caused the seizure? What was she doing before and after the seizure?" Care coordinator "She did say that our little guy is on the schedule for October trach/vent clinic. I said, 'Well, it is not showing up on our schedule.' She said, 'That is because we need to confirm the time first.' I said, 'They are coming in to clinic today. Do you want me confirm that time with them?' She said, 'Yeah, that would be great!' I will confirm the time with them when they come in today, and then I will call her back and let her know." Navigating the health care system Physician "I can tell you the first document that she [mom] gave us was not properly stamped, so our legal team said, this is the deal but you need to get one that's properly stamped." (about parents' divorce decree) Parent "Right now we have four different agencies involved. No one agency can provide all of her supplies and her durable medical equipment. So it's pretty frustrating. We're actually, I'm working with the insurance company to see if there's a way to find, even limit to two, because I have one vendor that provides one item. I have another vendor that provides five items. I have another vendor that provides three. It's just difficult to try and coordinate."
The information goal types for care coordination of CYSHCN identified in this study align with the core domains in the care coordination measurement framework defined by the Agency for Healthcare Research Quality (AHRQ) 29 and with the key activities in
Wagner et al.'s 28 care coordination model. For example, the information goal we identified of situation understanding can be achieved through interpersonal communication and information transfer among entities involved in a patient's care. AHRQ's measurement framework defines this as the coordination activity of "communicate" and Wagner et al. group it under the model element of "connectivity." Situation understanding is a critical precursor for execution of the broad approach of "teamwork focused on coordination" as defined in AHRQ's measurement framework. The information needs and associated goals are, however, more critical, complex, and voluminous in this vulnerable population of children and require intense support from physicians, care coordinators, and parents. It was evident from our interviews that participants in all 3 roles actively worked together to serve their CYSHCN. Physicians routinely went the extra mile to accommodate patients' social and personal situations and to assist overwhelmed parents with all the information goal types we identified. The parents served not only as caregivers but also as advocates, decision-makers, and sources of information about their children. They relentlessly plan, track, navigate, learn, manage their care network, and try to keep themselves up to date with their children's history, current status, and future plans, doing so with no single source of information. Our parent participants were "family partners," and as a result of this role may be more aware of the processes and resources for care coordination than parents who do not serve in this role. We consider these individuals to be experts in care coordination who have developed optimal strategies that could be useful for any parent of CYSHCN. The parents relied on the physicians and care coordinators to fulfill their clinical information needs because they did not have access to their child's EHR. Care coordinators often became the information conduits between physicians and parents, and also vigilantly filled care gaps. Each of the 3 roles plays a crucial part in leading the care coordination process at various times in a patient's care. However, corroborating the recommendation of integrating the clinician and parental roles as a care coordination strategy, 5 they ultimately worked together and strove to achieve comprehensive, continuous, and high-quality care for CYSHCN.
Potential informatics solutions
Prevalent EHR and personal health record systems do not adequately support all the needs of care coordination. [47] [48] [49] [50] [51] [52] Usability of
EHRs also falls short in supporting the high-level reasoning needed to help clinicians understand the context of complex patients. [53] [54] [55] [56] To compensate for the lack of appropriate functionality, our participants used workarounds to adapt and overcome limitations in their information environment. The information needs and associated goals identified in this study provide a framework for guiding the design of effective and likely disruptive tools to support care coordination for CYSHCN. Caring for CYSHCN generates representational information needs that go far beyond typical EHR and personal health record design approaches of lists, alerts, and simple displays. These modalities do not support the integrated displays of information required to understand complex associations between clinical information, medical knowledge, and patient data and environments that extend beyond hospital/clinic walls. As a result, precious cognitive resources and time are used to sift through and find relevant information and integrate it into a comprehensive mental model. 49, 57 We discuss below our vision for tools to support the information needs and associated goal types that, to be useful, must be integrated with the EHR. 58 These suggestions were made by 2 co-authors (PRK and CW) and then iteratively refined among members of the research team. Care coordination tasks and their associated cognitive processes can be described as having high-level mental representations such as goals, values, and expected outcomes as well as more specific associated behaviors. Innovative displays designed using cognitive engineering methods were shown to better support the cognitive needs of emergency department users by McGeorge et al. 59 A tool to support situation understanding would provide integrated and organized displays of information in the patient's record at multiple levels of abstraction and visually link these to goals and expected outcomes for each individual, just as mental representations are structured. Care networking involves creating and effectively maintaining a complex care network across organizational boundaries. To support care networking we envision a Health Insurance Portability and Accountability Act-compliant social networking application that provides views of the patient's care team members, their roles, and contact information. This tool should also allow creation of a shared sense of common ground and tools to repair gaps in the same 60 through sharing of each other's goals, roles, and responsibilities. Examples from the literature include tools to support teamwork primarily within the same care settings 61 and social networking applications to support care coordination for patients undergoing chemotherapy. 62 Tools for planning could support resource identification, dependency management, hypothetical perspective-taking, and project management-type functionalities. A timeline view of episodes of care, necessary resources, and dependencies between them not only could benefit the care team but also could be useful to help patients know what to expect in the future. Current EHRs support longitudinal care plans that can be used to document the results of planning. However, they often don't follow a standardized format and may have limited shareability across settings.
63
Tracking/monitoring of complicated care processes is an essential part of creating and maintaining orderly and effective "joint systems." 64 Tracking/monitoring data is a cognitive task that humans do poorly 65 and becomes especially burdensome for complex patients. A customizable dashboard with innovative user interface tools for identifying unexpected changes in patient trends, enabling easy tracking/monitoring of the details of patient conditions and behaviors in multiple settings and facilitating decision-making in order to respond to changes efficiently, would be desired to support this goal. Examples of tools to support tracking/monitoring include tools to track post-discharge calls 61 and self-monitoring tools for mental health.
66
Navigating the health care system involves recognizing where the patient is in the care process, anticipating needs, and recognizing the individual constraints that influence decisions. The information goal of navigating the health care system calls for an innovative tool similar to Google Maps TM for care coordination in health care that includes links to information about financial, regulatory, care, and legal processes. Because processes and rules can be dynamic, the ability to maintain a socially created and shared framework where members of the team can update their knowledge base is essential. 67, 68 To support the information goal of learning, a tool would have to support access to a variety of curated information sources and provide better search tools to support curiosity and exploration by users. 69 Standards-based context-sensitive links (ie, "infobuttons")
to information resources, 70, 71 such as biomedical literature and patient education websites, can be embedded in care coordination tools to support this information goal.
Strengths and limitations
This study has several limitations. The CDM relies on interviewees' memory of past events and is thus susceptible to recall bias. All interviews were conducted by the first author, hence the data collected may have been influenced by her manner of conducting the interviews. To minimize this potential bias, we created the interview guide based on the CDM procedure. 20 We also piloted and honed the interview guide and relied on the research team's experience with the CDM technique. Although we understand that there are limitations to any single method of research, our study is part of a program of research and lays a foundation for future work. The study has limited generalizability to other patient populations because it focuses on CYSHCN. It is possible that some of the information goals will exist in other medical home settings and with other patient populations, such as complex older adults. Also, getting the perspectives of physicians, parents, and care coordinators about the same critical incidents/patients could have been useful, but we believe that we were able to identify the differences in information needs of the 3 roles effectively because (1) our interviewees covered diverse incidents and information needs and (2) our ongoing analysis indicated that we reached saturation because no new questions were being generated. Our data collection was focused on individuals in the primary role of physician, parent, or care coordinator in a CYSHCN care network. However, through the interviews we discovered that CYSHCN have extended care networks that may include therapists, nursing services, social workers, schools and allied settings, government agencies, charitable support services, and community resources. Future research should focus on these ancillary roles and care settings. Strengths of the methodology include triangulation of information from physicians, care coordinators, and parents; rigorous and in-depth content analysis; and the CDM technique. Consistent with prior literature, 25 we found that the interviewees were much more informative and detailed when recalling specific events, because probing for challenging incidents allows for details, strategies, influences, and subtle cues to be discovered 20 that other methods used in similar studies may not allow.
CONCLUSION
We found that supporting care coordination of CYSHCN generates a large amount of information needs that require substantial effort from the physicians, care coordinators, and parents of these patients. The information needs were categorized into 6 information goal types and 32 subtypes. Today's health information technology falls short in providing the support to meet these information needs in terms of both the available information and tools that enable care providers to perform care coordination tasks. Our study's findings suggest significant opportunities to improve coordination of care through multifaceted, integrated, and innovative informatics solutions. 
